Optical dual steady-state is an important research subject in nonlinear optics and photo-electric cell fields. [1] Researchers have had a keen interest in it because it is a new field of theoretical study in nonlinear optics. Dual steady-state temporal optical solitons possess the characteristic of undistorted transmission of the pulse with two different peak values at the same continuous time. It has potential application prospects, e.g., in typical telecommunication related devices such as the optoelectronic switch and in other operations (such as soliton fission, soliton fusion, etc) in nonlinear directional charged-coupling.
Since the pioneer work of Kaplan [2] as well as Gatzand and Herrmann, [3] much work has been devoted to obtaining approximate feasible dual steadystate optical soliton propagation. The key to generating dual steady-state optical soliton is the interplay between the nonlinear effects and the dispersion properties of the medium. Dual steady-state temporal optical solitons exist in general saturated optical media, which can propagate in light velocity and have high intensity.
Electromagnetically induced transparency (EIT) induced by quantum coherence makes nonlinear effects and dispersion effects rich in cold atomic media, which can cause ultra-slow light propagation effects. [4, 5] Wu et al. [6−9] have proved theoretically that the ultra-slow optical solitons can exist in cold atomic media. Recently, dual steady-state temporal optical solitons in cold atomic media have been obtained. [10−12] The dual steady-state temporal solitons in cold atomic media have striking characteristics of ultra-slow group velocity and low peak value intensity. Further work about the ultra-slow optical solitons has been reported. [13−16] However, the propagation property and interaction of the ultra-slow optical solitons in cold atomic media are still not very clear.
In this Letter, we investigate the evolution behaviors of dual steady-state temporal optical solitons in a cold three-state medium with the symplectic method.
With the slowly varying envelope approximation, the nonlinear wave equation describing evolution of the probe field Ω ( , ) in a Λ-type three-state cold atomic medium can be written as and ( ) satisfy
/ sat is dimensionless saturation parameter, 0 = ( = 0), ( = 0.88) = ( = 0)/2. It is well known that the two conditions of realizing the dual steady-state temporal optical solitons are nonlinear and feedback. In Eq. (4), when the optical pulse intensity grows, the nonlinear effective role will become smaller. The dual steady-state temporal optical soliton can be formed in the cold three state medium.
Introducing the dimensionless parameter
we can obtain the standard generalized nonlinear Schrödinger equation
The symplectic method, which has long-time accuracy computing capability, is applied to solve Eq. (5). It is widely used to solve the nonlinear solitary wave equation. [17−20] Taking = + , we can rewrite Eq. (5) as a pair of real-value equations,
We suppose = ( , ) , then Eqs. (6) and (7) can be written as the infinite dimensional Hamiltonian form
where the Hamiltonian reads
By discreting the variables ss and ss in Eqs. (6) and (7), Eq. (8) can be transformed into the finite dimensional Hamiltonian system. Supposing that (2 ) is 2 th order central difference scheme of = 2 , [13] we have 
where = ( , ) , is an × unite matrix. The Hamiltonian function is
where (2 ) is a × matrix. In practice, the second-order central difference approximation is usually applied. In this case, we have
We take
, and the symplectic method is applied to solve Eq. (11). We can obtain
The symplectic difference scheme (14) is applied to simulate the evolution of dual steady-state optical solitons in the cold three-state medium. First, we consider the evolution of a single optical soliton with the following initial pulse
where is the amplitude. We take −10 ≤ ≤ 10, ∆ = 0.2/3, ∆ = 0.01. Figure 1 shows the computation result for 0 ≤ ≤ 24 with = 5, = 0.45. The solitary wave can propagate well, but the solitary wave experiences cycles of compression and expansion. Figure 2 shows the computation result for 0 ≤ ≤ 48 with = 3, = 0.45. The solitary wave can propagate well. The shape and amplitude of the solitary wave can be well preserved. Figure 3 shows the computation result for 0 ≤ ≤ 36 with = 3, = 0.75. The solitary wave can propagate well, but the solitary wave also experiences cycles 074213-2 of compression and expansion. From Figs. 1-3 , we can obtain that the amplitude of the initial pulse and the saturation parameter have obvious effects on the propagation of optical solitons. Next, we consider evolution of two and three optical solitons with the following initial pulse
where is the amplitude. We take −15 ≤ ≤ 15, ∆ = 0.1/2, ∆ = 0.01. Figure 5 shows the computation result for 0 ≤ ≤ 42 with 1 = 7, 2 = 3, 1 = 3, 2 = −3, 3 = 0, = 0.45. One soliton experiences cycles of compression and expansion, the other soliton can propagate well and the shape and the amplitude can be well preserved. The interaction of the two solitons can be neglected. The interaction of the two solitons can be diminished by adding the difference of the amplitudes of the two solitons. Figure 6 shows the computation result for 0 ≤ ≤ 48 with
The three solitons can propagate well, the interaction of the three solitons can be neglected. If the distance of the optical solitons is large, the interaction of optical solitons can be neglected. From Figs. 4-6 , we can obtain that the amplitude of initial pulses and the distance of optical solitons have obvious effects on interaction of optical solitons.
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In summary, the behaviors of dual steady-state optical solitons in a cold three-state medium are investigated by the symplectic method. Numerical results show that the amplitude of initial pulses, the saturation parameter and the distance of optical solitons have obvious effects on the behaviors of dual steadystate optical solitons. Under the approximate condition, the interaction of the nonlinear effects and the dispersion properties in the cold three-state medium can achieve a balance. Dual steady-state optical solitons can be generated and propagate well.
